Objective: To examine the association of patient-and medication-related factors with postdischarge medication errors. Patients and Methods: The Vanderbilt Inpatient Cohort Study includes adults hospitalized with acute coronary syndromes and/or acute decompensated heart failure. We measured health literacy, subjective numeracy, marital status, cognition, social support, educational attainment, income, depression, global health status, and medication adherence in patients enrolled from October 1, 2011, through August 31, 2012. We used binomial logistic regression to determine predictors of discordance between the discharge medication list and the patient-reported list during postdischarge medication review. Results: Among 471 patients (mean age, 59 years), the mean total number of medications reported was 12, and 79 patients (16.8%) had inadequate or marginal health literacy. A total of 242 patients (51.4%) were taking 1 or more discordant medication (ie, appeared on either the discharge list or patient-reported list but not both), 129 (27.4%) failed to report a medication on their discharge list, and 168 (35.7%) reported a medication not on their discharge list. In addition, 279 participants (59.2%) had a misunderstanding in indication, dose, or frequency in a cardiac medication. In multivariable analyses, higher subjective numeracy (odds ratio [OR], 0.81; 95% CI, 0.67-0.98) was associated with lower odds of having discordant medications. For cardiac medications, participants with higher health literacy (OR, 0.84; 95% CI, 0.74-0.95), with higher subjective numeracy (OR, 0.77; 95% CI, 0.63-0.95), and who were female (OR, 0.60; 95% CI, 0.46-0.78) had lower odds of misunderstandings in indication, dose, or frequency. Conclusion: Medication errors are present in approximately half of patients after hospital discharge and are more common among patients with lower numeracy or health literacy. 
F requently, the discharge process is rushed and disjointed, despite the critical importance of communicating with patients about postdischarge medications. Health care professionals may not effectively counsel patients regarding medications on the discharge instructions.
1 Likewise, patients may have difficulties understanding the changes to their medication regimen because of limitations in health literacy, numeracy, and other patient factors. [2] [3] [4] Postdischarge medication errors are common, 2 but the patient-related factors associated with such errors are not well understood.
Health literacy, the ability to understand and act on medical information, 5 and numeracy, "the ability to use and understand numbers in daily life," 6 have been associated with medication understanding and adherence. [7] [8] [9] In addition, other patient factors, such as cognitive impairment, 10 poor social support, 11 and depression, 12 have been associated with postdischarge outcomes, such as unscheduled health care use or adverse events in patients with cardiovascular disease. However, the independent association of these factors with postdischarge medication errors has not been examined in this population. Postdischarge medication errors are important because they significantly contribute to adverse drug events (ADEs) or harm due to medications. [13] [14] [15] Medication errors include omissions, commissions, and misunderstandings in indication, dose, or frequency. [10] [11] [12] [13] Errors can be due to differences between medications the patient thinks he/she should be taking and what is prescribed, often due to poor physician-patient communication or patientrelated factors, as mentioned above. 16, 17 Prior studies have found that 30% to 70% of patients have medication errors between the discharge list and the patient-reported regimen after discharge, [17] [18] [19] [20] [21] although few studies have focused on patients with cardiovascular disease. Because multiple types of medications are prescribed and cardiac medications can cause serious harm, patients with cardiovascular disease are at higher risk for errors and ADEs after discharge. 13, 15, 17, [22] [23] [24] This article describes predictors of medication errors among patients recently hospitalized for cardiovascular disease. On the basis of our conceptual model of factors associated with postdischarge outcomes, 25 we hypothesized that low health literacy and numeracy, more medications on discharge, more changes to medications during hospitalization, impaired cognition, poor social support, low preadmission medication adherence, and depression would be associated with postdischarge medication errors.
METHODS

Study Setting and Design
The Vanderbilt Inpatient Cohort Study (VICS) is a prospective study of patients admitted with cardiovascular disease to Vanderbilt University Hospital. The purpose of VICS is to investigate the effect of patient and social factors on postdischarge health outcomes, such as medication safety, quality of life, unplanned hospital utilization, and mortality. The rationale and design of VICS are detailed elsewhere. 25 Briefly, participants completed a baseline interview while hospitalized, and follow-up telephone calls were conducted at approximately 2 to 3, 30, and 90 days after discharge. We conducted an interim analysis of patient-and medication-related factors associated with medication errors after hospital discharge. The study was approved by the Vanderbilt University Institutional Review Board.
Patients
Eligibility screening shortly after admission identified patients with an intermediate or high likelihood of acute coronary syndrome (ACS) or acute decompensated heart failure (ADHF) per a physician's review of the clinical record. Exclusion criteria included age younger than 18 years, inability to communicate in English, unstable psychiatric illness, delirium, low likelihood of follow-up after discharge, receiving hospice care, or otherwise too ill. To be included in this analysis, patients must have completed the medication review portion of the follow-up interview.
Baseline Assessment
Consenting patients completed an intervieweradministered baseline assessment of demographic information, including self-reported race, ethnicity, educational attainment, and marital status. Household income was collected using the strata from the Behavioral Risk Factor Surveillance System questionnaire. 26 Social support was assessed using the 7-item Enhancing Recovery in Coronary Heart Disease Social Support Inventory. 27, 28 Patients were asked the questions regarding emotional and instrumental support. Scores range from 8 to 34, with higher scores indicating more social support.
Patients completed the short form of the Test of Functional Health Literacy in Adults, 29 a timed test administered in a maximum of 7 minutes. Scores may be categorized as inadequate (score range, 0-16), marginal (score range, [17] [18] [19] [20] [21] [22] , or adequate (score range, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] .
We used a 3-item version of the Subjective Numeracy Scale (SNS), which quantifies the patients' perceived quantitative abilities and preferences for numerical information. 30 The 3-item SNS has a correlation coefficient of 0.88 with the full-length (8-item) SNS. The internal consistency reliability of the 3-item SNS was high (Cronbach a¼0.78).
30, 31 The SNS is reported as the mean on a scale from 1 to 6, with higher scores reflecting better numeracy.
We assessed cognition using the Short Portable Mental Status Questionnaire, a 10-item measure, 32 which is adjusted for educational attainment. Higher scores reflect worse cognitive status and may be categorized as not impaired (0-2 errors) or impaired (3-10 errors).
Self-rated health status was assessed using 5 of 10 items from the National Institutes of Health Patient Reported Outcomes Measurement Information System global health status questionnaire. 33 These questions ascertain overall health, quality of life, physical and mental health, and satisfaction with social activities and relationships on a 5-point Likert-type scale. Scores are reported as a mean of the 5 items (range, 1-5).
We assessed depression during the 2 weeks before the hospitalization using the Patient Health Questionnaire 8. 34 Scores are categorized as none/minimal depression (score range, 0-4), mild (score range, 5-9), moderate (score range, [10] [11] [12] [13] [14] , moderately severe (score range, [15] [16] [17] [18] [19] , and severe (score range, [20] [21] [22] [23] [24] .
Adherence to the preadmission medication regimen was measured using a 7-item version of the Adherence to Refills and Medications Scale (ARMS) (personal communication, Sunil Kripalani, MD, MSc, and Kenneth A Wallston, PhD, June 13, 2014). The 7-item ARMS has a high internal consistency reliability (Cronbach a¼0.81) and a correlation coefficient of 0.95 with the full-length (12-item) ARMS. 35 Responses on the 4-point scale are summed for a score with a possible range of 7 to 28, with lower scores indicating better adherence. All diagnoses at discharge were retrieved from the medical record and used to compute an Elixhauser score to reflect comorbid conditions. 36 Medication-Related Data Net changes to the patient's medication regimen during hospitalization were tallied by comparing the preadmission medication list and discharge medication list from the electronic medical record. We did not count equipment or nondrug items (eg, test strips), but we included over-the-counter medications. Cardiac medications included the following classes: antianginal, antiplatelet, anticoagulant, antihypertensive, cholesterol, diabetes mellitus, and diuretics. Medications were counted as changed if a dose, frequency, route, or formulation differed or if use of a medication was either discontinued or initiated during hospitalization. We summed the number of all medication changes and, separately, the number of changes to cardiac medications. If dose or frequency information was missing in either the preadmission or discharge medication list, we assumed the medication was not changed.
Outcome Measures
For analyses, the discharge medication list was organized into cardiac and noncardiac medications. The total number of medications was the sum of the medications on the discharge list plus additional patient-reported medications. Additional medications were frequently prescribed before hospitalization but not mentioned in the discharge list.
We contacted patients by telephone 2 to 3 days (range, 1-7) after discharge to assess all prescription and over-the-counter medications the patient reported taking. We compared what the patient was taking with the discharge medication list, which was given to them at discharge by the bedside nurse. If patients did not report a medication that appeared on the discharge list or reported a medication not on the discharge list, it was flagged as a potentially discordant medication and probed further. If the patient did not mention the medication initially but correctly reported it when prompted or reported that use of the medication was stopped or started by a clinician, no error was recorded. Otherwise, it was judged to be discordant and classified as an omission or commission. Table 1 and Table 2 indicate how medication errors were counted. In Table 1 , a medication was coded as an omission if there was no explanation for a medication that the patient did not report but appeared on the discharge list. Omissions included instances in which the patient did not fill or refill the prescription, stopped use of the medication without a health care professional's order, or reported that she/he was not aware of the medication. A commission was coded if there was no explanation for a patientreported medication not on the discharge list, unless a health care professional had instructed a There were a total of 2 discordant medications (ie, 2 errors).
the patient to take the medication after discharge. A commission was also coded if the patient reported having taken a medication before hospitalization and continuing to take it after discharge, but it was not on the discharge list.
In addition, we randomly selected one medication per cardiac type (eg, antihypertensives) for more testing, asking the patient to provide the medication's indication, dose, and frequency. Any difference in dose or frequency between the discharge list and the patient's report was considered a misunderstanding, unless the patient reported that a health care professional changed the dose or frequency after discharge. Patient responses for indications were judged against a physician-created list of acceptable responses, including common offlabel indications and lay terms. An example of how cardiac medication misunderstandings were counted is given in Table 2 . A patient could have more than one outcome (eg, an omission, a commission, and a misunderstanding in indication, dose, or frequency).
Statistical Analyses
We sought to examine the association between patient-and medication-related factors and the number of discordant medications between the discharge and patient lists, omissions, commissions, and misunderstandings in indication, dose, or frequency. For each outcome, a binomial logistic regression model was built to examine patient-and medication-related factors (the independent variables) associated with the odds of medication errors. The independent variables are consistent with our conceptual framework reported elsewhere, 25 checked for colinearity, and included in all models: age, sex, race (African American, white, or other), marital status, primary diagnosis, educational attainment, income, health literacy, subjective numeracy, cognition, global health status, depression, number of medications changed during hospitalization, social support, medication adherence, and Elixhauser comorbidity score. Because each outcome was a count with a different number of possible errors (ie, different denominators) across patients, the log of the number of possible errors was used as an offset. Thus, exponentiated parameter estimates are odds ratios (ORs) and have the same interpretation as those from standard logistic regression models. Because of concerns regarding overdispersion, robust or sandwich-based SEs were used to characterize estimator uncertainty. Multiple imputation was used in the multivariable analyses to avoid deleting any participants who had missing data for any of the covariates. All scale scores were treated as continuous variables for multivariable modeling. Finally, because the continuous variables operate on heterogeneous scales, we chose to quantify continuous covariate effects using ORs associated with interquartile range changes in the covariates. Data were analyzed in R software. 37 
RESULTS
Of the 680 eligible, we enrolled 587 patients from October 1, 2011, through August 31, 2012. Ninety-three eligible patients (13.7%) declined enrollment (Figure 1 ). Of the 587 enrolled, 471 patients (80.2%) completed the medication review portion of the postdischarge telephone interview and were included in these analyses. The remaining 116 patients did not complete the follow-up call (n¼51), did not complete the medication review (n¼49), withdrew (n¼11), or died before discharge (n¼5). Table 3 lists the patients' baseline characteristics. The mean age was 59 years (SD, 12 years), 226 (47.9%) were female, and 90 There were a total of 1 discordant medication (ie, 1 error) for lisinopril, 2 discrepancies (ie, 2 errors) for clopidogrel, and 3 discrepancies (ie, 3 errors) for simvastatin. Examples of other accepted indication responses for antiplatelet medications are "helps blood flow," "for clots," "blood thinner," and "for circulation." , 1-3) . In adjusted analyses (Figure 2 ), higher subjective numeracy was associated with lower odds of having discordant medications (OR, 0.81; 95% CI, 0.67-0.98; per 2-point change on the SNS). Being separated or divorced (OR, 0.58; 95% CI, 0.34-0.98) or widowed (OR, 0.58; 95% CI, 0.34-0.99) was associated with lower odds of having errors of commission. In contrast, higher levels of depression were associated with higher odds of errors of commission (OR, 1.36; 95% CI, 1.00-1.85; per 8-unit change on the Patient Health Questionnaire 8). Similarly, race other than white or African American (OR, 2.02; 95% CI, 1.13-3.60) and higher educational attainment (OR, 1.29; 95% CI, 1.06-1.56; per 4-year change) were associated with higher odds of having discordant medications, mostly attributable to errors of commission. No risk factors were significantly associated (P¼.13-.96) with errors of omission.
For the cardiac medications tested (Figure 3 ), higher health literacy (OR, 0.84; 95% CI, 0.74-0.95; per 7-point change on the short form of the Test of Functional Health Literacy in Adults) and higher subjective numeracy (OR, 0.77; 95% CI, 0.63-0.95; per 2-point change on the SNS) were associated with lower odds of misunderstandings in indication, dose, or frequency, mostly attributable to errors in indication. Older age (OR, 1.16; 95% CI, 1.02-1.33; per 10-year change) and being single (OR, 1.68; 95% CI, 1.04-2.70) were associated with higher odds of misunderstandings in indication, dose, or frequency, again mostly attributable to errors in indication. Being female (OR, 0.60; 95% CI, 0.46-0.78) was associated with lower odds of misunderstandings, particularly in indication and dose. Finally, worse cognitive function (OR, 1.38; 95% CI, 1.05-1.82) was associated with higher odds of misunderstandings in frequency. Having a primary diagnosis of heart failure (OR, 0.35; 95%, CI 0.16-0.76) was associated with lower odds of a frequency misunderstanding.
DISCUSSION
We identified at least one medication error or unintentional discrepancy between the discharge list and patient report in 51.4% of patients. As . Flowchart displaying how patient eligibility was determined. Not available includes not enough information (n¼166), unstable psychiatric conditions (n¼33), admitted from a nursing home (n¼37), in hospice (n¼4), chronically impaired cognition (n¼39), too ill (n¼201), previously enrolled or in a conflicting study (n¼122), unavailable (n¼18), discharged (n¼660), in police custody (n¼1), uncooperative or left against medical advice (n¼5), or passed away in hospital before screening (n¼25). Incomplete follow-up includes did not complete follow-up call (n¼51), did not complete medication review or managing medications (n¼49), withdrew (n¼11), or died (n¼5). ACS ¼ acute coronary syndrome; ADHF ¼ acute decompensated heart failure.
hypothesized, higher levels of health literacy and numeracy were associated with lower odds of medication errors. However, we did not observe significant associations between medication errors and other potential risk factors: medications changed during hospitalization, poor social support, or low preadmission medication adherence. Our results must be placed into the context of prior studies that specifically looked at postdischarge medication errors. The frequency of omission (27.4%) and commission (35.7%) errors is similar to what we have reported in the Pharmacist Intervention for Low Literacy in Cardiovascular Disease study, which enrolled a comparable inpatient population. 38 Furthermore, 192 patients (40.8%) in the current study correctly reported the indication, dose, and frequency for tested cardiac medications. Prior studies have reported each outcome individually: 64% to 79% of patients reported the correct indication, 39, 40 56% the correct dosage, 39 and 68% the correct frequency. 39 The frequency of errors in our sample was similar to prior studies 18, 19, 41, 42 but much higher than the 14% observed by Coleman et al. 17 In their study, medication errors were assessed by a geriatric nurse practitioner during in-home interviews of recently discharged older adults. This method may have allowed the geriatric nurse practitioner to synthesize multiple sources of information in determining the patient's correct medications. Similar to our findings, Maniaci et al 40 found no association between regimen knowledge and educational attainment. In addition, several studies have documented an association between the number of medications and medication errors. 17, 38, 43 However, we did not observe that associations in these analyses.
Notably, Lindquist et al 2 found a similar prevalence (56%) of postdischarge medication errors in a sample of older adults. Lower health literacy was found to be a significant risk factor for unintentional nonadherence, which is congruent with our results.
To our knowledge, ours is the first study to find an association between low numeracy and postdischarge medication errors. Low numeracy has been linked to other health outcomes: poor self-efficacy and self-care in diabetes and asthma management, 44, 45 poorer glycemic control in diabetes, 46 poorer quality of life in asthma (mediated by self-efficacy), 47 and poorer medication management in chronic diseases. 48 Interestingly, in our analyses, numeracy was not associated specifically with misunderstandings in dose or frequency, which are the more numerical aspects of medication instructions. Rather, numeracy was associated with having a discordant medication (errors of omission or commission) and having a misunderstanding in indication. Strengths of this study include the relatively large sample size, high response rates, and the use of both objective and subjective measures of social determinants of health, including health literacy and numeracy. We also acknowledge the limitations of our study. Our study included only patients admitted with ACS or ADHF, limiting the generalizability. We recorded but did not delve into the cause of differences between the discharge medication list and patient report, giving patients the benefit of the doubt when reporting that a clinician had changed the regimen. Patients also could have reported what was printed on their list or bottles as opposed to what they actually were taking, biasing our results toward the null hypothesis. In addition, we relied on the discharge list given to the patient, which may have had errors due to suboptimal medication reconciliation practices. Patients who were too ill or refused to complete the telephone interview may have been at increased risk of having medication errors, whereby our results underestimate the frequency of errors in our sample. We did not assess clinical outcomes, such as ADEs; however, health literacy has not previously been associated with ADEs. 41 Although we found that patients who self-identified as other than white or African American had higher odds of having discordant medications and errors of commission, we note that this group was small. Finally, we did not perform a Bonferroni correction for multiple testing, but we clearly identified a prespecified set of covariates before building the analytical models.
CONCLUSION
In summary, we determined that half of patients with ACS and/or ADHF had a medication error in the days after hospital discharge. These errors have the potential to harm patients; thus, we must understand which factors are associated with an increased risk of errors. We found that patients with low health literacy and numeracy are at increased risk of medication errors; therefore, identification of patients at risk can help clinicians provide appropriate discharge medication education.
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